Abstract: Improvements in energy efficiency and production of renewable energy hold significant potential for reducing greenhouse gas emissions of housing, which accounts for 14% of global greenhouse gas emissions. In our research, we focused on the willingness of owners of detached houses to adopt renewable energy production systems of their own, and we examined perceived barriers to adopting these systems. The research was conducted using a survey and a life cycle assessment model. The survey covered three residential areas in Lahti, Finland, and the potential reductions in greenhouse gas emissions were estimated using a life cycle assessment model based on the survey results. The barriers to transformation were identified as a lack of knowledge in the following three areas: (1) the possible annual savings attained; (2) the costs of implementing energy efficiency and renewable energy production solutions; and (3) the technologies used in renewable energy production. The greenhouse gas emission reductions in the residential areas surveyed would amount to approximately 15% if the consumers implemented the solutions they considered.
Introduction
To maintain the global temperature rise at or below the targeted 2 • C (from the pre-industrialized temperature level), urgent and fundamental actions must be taken [1] . The European Union (EU) is committed to reducing its greenhouse gas (GHG) emissions by 80-95% from the 1990 level by 2050 [2] , and the buildings sector is a priority area for meeting the target [3] . Globally, residential buildings account for 24% of total final energy use, which equates to 14% of global GHG emissions [4] . Thus, reducing the use of energy in the housing sector plays an important role in mitigating climate change. The new building stock boasts better energy efficiency than the older (but current) stock; however, as the building renewal rate is slow, it is important to improve energy efficiency and to increase the use of renewable energy in current buildings. Of all buildings in the EU, 74% of the floor area comprises residential buildings, and in turn, 66% of that area comprises detached houses [5] . Also, in Finland, new detached houses are not built as actively as before [6] , which increases the value of improving the state of current houses. Therefore, owners of detached houses constitute a significant group to be taken into consideration when one thinks of ways to reduce GHG emissions. This group could reduce their contribution to GHG emissions by changing their heating systems, by implementing renewable energy production technology, and by adjusting their daily habits of energy usage.
Thus far, existing research has mainly focused on technologies related to energy efficiency and renewable energy. The role of consumers-who actually make the decisions-has not been researched as much. Based on a survey of 1250 residents, Newton and Meyer [7] established three types of
•
What are the perceived barriers to adopting low-carbon housing solutions? • What is the potential for greenhouse gas emission reductions if those barriers are overcome?
Materials and Methods
The approach of this study is quantitative. A survey was conducted to collect data about consumers' attitudes and willingness concerning energy saving measures and renewable energy use. In addition, a life cycle assessment (LCA) model was created to estimate the potential reduction of annual GHG emissions in the studied regions if the consumers implemented the energy production systems they had already considered. The research was carried out in three residential areas featuring detached homes in Lahti, which is a city of 120,000 residents in southern Finland [17] . The areas selected mainly contain detached houses (93-94% of the buildings in the three areas) [17] .
Survey
Data for the research were collected during the spring of 2016 via a postal survey distributed to 700 household mailboxes. It was possible to respond to the survey either online or on paper. Although 161 home owners replied, seven respondents lived in a row house or had not answered that question, and those replies were not considered since the research focused on owners of detached homes. There were thus 154 relevant replies, and the response rate was 22%. Eight of the replies were returned online, and the rest by mail.
The survey included 32 questions, some of which had a multiple-statement format. The questions were divided into four main categories: respondent's background information, housing information, Sustainability 2017, 9, 958 3 of 15 current household energy systems, and energy saving measures and transportation. The survey was broad, and not all the data were utilized for this paper. Most questions incorporated the Likert scale (a common rating format of surveys) [18] . The survey questions that were utilized in this research may be found in Appendix A.
Reliability
The reliability of the survey was analysed by comparing the sample (number of acceptable survey participants) and population of the studied areas (Tables 1-4) . The information about population was acquired from an online statistics database maintained by the City of Lahti [17] . In Table 1 , the population is the number of detached houses in the studied areas. In Table 2 , persons aged 18 or above are included in the population, as the survey was aimed for adult home-owners. In Tables 3 and 4 , the population number is higher because persons aged 15 or above were included in the statistics of the database, and it was not possible to acquire more detailed data. of Finland [23] ). The average area of the houses in each energy class was also incorporated into the calculation. 
Results

Survey
Based on the survey results, most respondents (about 80%) were willing to save energy for environmental reasons, and they aim to act in an environmentally friendly manner as often as possible. The majority of respondents (88%) were interested in saving energy to achieve economic savings. However, virtually half of the respondents (47%) believed that they are not able to save enough energy to achieve real economic savings. In addition, nearly three-quarters of those surveyed (73%) were not willing to lower their standard of living to save energy.
We had listed different renewable energy production solutions, and in relation to those, the respondents were requested to choose from five options: implemented, considered, familiarized with, not familiar, or not interested. The solutions and percentages of the answers are presented in Figure 2 .
As can be seen from Figure 2 , most respondents had already implemented fireplaces, especially conductive ones. Air source heat pumps had also been implemented by over half of the respondents. The remaining energy production solutions had not been widely implemented. The solutions which respondents had most considered include air source and ground source heat pumps, solar electricity, and solar heat. Some solutions, such as air to water heat pumps and solar heat, were still unfamiliar to approximately 40% of respondents. Even solar electricity, which has been widely discussed in Finland, was still unfamiliar to 20% of the respondents. We also presented multiple statements about new technologies to the respondents. The statements and responses are presented next in Figure 3 . 
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As can be seen from Figure 2 , most respondents had already implemented fireplaces, especially conductive ones. Air source heat pumps had also been implemented by over half of the respondents. The remaining energy production solutions had not been widely implemented. The solutions which respondents had most considered include air source and ground source heat pumps, solar electricity, and solar heat. Some solutions, such as air to water heat pumps and solar heat, were still unfamiliar to approximately 40% of respondents. Even solar electricity, which has been widely discussed in Finland, was still unfamiliar to 20% of the respondents. We also presented multiple statements about new technologies to the respondents. The statements and responses are presented next in Figure 3 . The majority of respondents strongly disagreed or disagreed that technologies based on renewable energy are difficult to use (62%) and that they are technically unreliable (60%). However, 40% of those surveyed agreed or strongly agreed that new technologies may incur extra costs, and 47% feel that new technologies require too much familiarization. Additionally, 70% also thought that it was difficult to compare new technologies, and 33% found it difficult to buy new technologies.
On the survey, we had also listed seven factors, of which the respondents were asked to choose three that would most assist them in making changes related to the energy technologies ( Figure 4) . The factors were all weighted equally, and respondents were not requested to rank them in any order. The majority of respondents strongly disagreed or disagreed that technologies based on renewable energy are difficult to use (62%) and that they are technically unreliable (60%). However, 40% of those surveyed agreed or strongly agreed that new technologies may incur extra costs, and 47% feel that new technologies require too much familiarization. Additionally, 70% also thought that it was difficult to compare new technologies, and 33% found it difficult to buy new technologies.
On the survey, we had also listed seven factors, of which the respondents were asked to choose three that would most assist them in making changes related to the energy technologies ( Figure 4) . The factors were all weighted equally, and respondents were not requested to rank them in any order. What turned out to be the most important factor was better knowledge of annual financial savings, as 63% of the respondents chose this. Additionally, 55% of respondents chose better knowledge of resulting expenses, and 42% selected better knowledge of different technologies. A third named getting financing as an important factor. Notably, 10% (N = 16) of the respondents had chosen all three factors related to economics, and 62% (N = 95) of the respondents had chosen at least two of the factors related to economics.
LCA Model
The results of the survey showed that the respondents' houses were mainly heated by electricity, while a few used ground source heat pumps, oil, wood, or district heating (Table 5 ). The percentages of supplemental heating systems are presented above in Figure 2 . 1 One of the respondents had not marked the heating system.
Two scenarios were created for the assessment of the annual GHG emissions. The first one presented the current situation, and the second one presented a future situation in which the respondents would have implemented the solutions they had considered. Table 6 presents the percentages of respondents who had considered updating their energy production systems (based on answers presented in Figure 2 ). To simplify the calculation, we assumed that for the different energy efficiency classes, the percentage of the owners implementing changes would be the same. Also, we assumed that the energy efficiency classes of the houses would not change even if the yearly energy consumptions were reduced. What turned out to be the most important factor was better knowledge of annual financial savings, as 63% of the respondents chose this. Additionally, 55% of respondents chose better knowledge of resulting expenses, and 42% selected better knowledge of different technologies. A third named getting financing as an important factor. Notably, 10% (N = 16) of the respondents had chosen all three factors related to economics, and 62% (N = 95) of the respondents had chosen at least two of the factors related to economics.
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Two scenarios were created for the assessment of the annual GHG emissions. The first one presented the current situation, and the second one presented a future situation in which the respondents would have implemented the solutions they had considered. Table 6 presents the percentages of respondents who had considered updating their energy production systems (based on answers presented in Figure 2 ). To simplify the calculation, we assumed that for the different energy efficiency classes, the percentage of the owners implementing changes would be the same. Also, we assumed that the energy efficiency classes of the houses would not change even if the yearly energy consumptions were reduced. 
If the consumers implemented the solutions they had most considered, the studied households' annual GHG emissions would be reduced from 1026 t CO 2 -eq to 873 t CO 2 -eq ( Figure 5 ). This reduction equates to 15% of the annual GHG emissions. Air source heat pumps have the most effect on this reduction, as they account for 5% of it. Ground source heat pumps account for 4% of the reduction, and both solar electricity and solar heat account for 3%. 
If the consumers implemented the solutions they had most considered, the studied households' annual GHG emissions would be reduced from 1026 t CO2-eq to 873 t CO2-eq ( Figure 5 ). This reduction equates to 15% of the annual GHG emissions. Air source heat pumps have the most effect on this reduction, as they account for 5% of it. Ground source heat pumps account for 4% of the reduction, and both solar electricity and solar heat account for 3%. . Annual greenhouse gas (GHG) emissions of the households studied for the two different scenarios. In addition to Scenario 2, where all the energy production systems are considered, the influence of each heating system is presented one by one.
Discussion
The findings from our research are similar to those of Newton and Meyer [7] , as they suggest that factors related to information and finance override other factors, such as attitudes, as indicators of consumer behaviour. Our results are also similar to those of Ek and Soderholm [8] , as their findings indicate that important factors of energy saving include those of cost and environmental attitude. Valkila and Saari's [9] research subjects were willing to reduce their consumption, but were not ready to invest in more expensive equipment. However, based on our findings, people are willing to invest in technologies when they have a sufficient level of information and amount of money. In Jakob's [10] research, the reasons listed for adding insulation rarely pertained to savings and fiscal incentives, which is the opposite of our research findings.
As Figure 4 shows, most respondents perceived that economic factors have the most impact on implementing new technologies. Interest in cheaper technologies, such as air source heat pumps, may indicate the same. Also, the majority (88%) of respondents were interested in saving energy to achieve economic savings, although almost half (47%) thought they would not be able to save enough energy to obtain considerable economic savings. We did not ask in the survey what the respondents . Annual greenhouse gas (GHG) emissions of the households studied for the two different scenarios. In addition to Scenario 2, where all the energy production systems are considered, the influence of each heating system is presented one by one.
As Figure 4 shows, most respondents perceived that economic factors have the most impact on implementing new technologies. Interest in cheaper technologies, such as air source heat pumps, may indicate the same. Also, the majority (88%) of respondents were interested in saving energy to achieve Sustainability 2017, 9, 958 9 of 15 economic savings, although almost half (47%) thought they would not be able to save enough energy to obtain considerable economic savings. We did not ask in the survey what the respondents considered to be considerable savings; thus, there might be variation in the replies. This aspect could be a topic of further studies. A third of respondents replied that receiving financing would assist them in making improvements with energy production technologies. In Finland, until 2017, it was possible to get discretionary grants for materials for energy renovations of detached houses, but these grants are no longer available, as Law (22.12.2005/1184) , which the grants were based on, was repealed [24] . Even though the expenses of the work performed may still partially be deducted from taxes as household expenses [25] , there might be a need for new kinds of funding instruments, such as energy loans with low interest rates offered by the government.
Based on our findings, we conclude that the respondents desire more information on the resulting costs and possible savings of renewable energy technologies. As we did not specifically ask what kind of information the respondents would like and in what form, the matter could be researched further. There are already multiple free calculators available providing detailed information about annual savings and costs, using different repayment periods.
Based on our survey results, 42% of respondents named a better understanding of technologies as an important factor in the decision to implement new technologies. The same need for information is also manifested in Figure 2 , which indicates some technologies were unfamiliar to over a third of respondents. The survey did not specify what sort of information the respondents were lacking; therefore, that too could be researched further. However, it should be noted that merely knowing more about the technologies does not necessarily increase the implementation rate, as respondents with educational background in technology had not implemented the solutions more than the other respondents had.
Based on the LCA model, implementing air source heat pumps has the biggest influence on reducing the residential areas' GHG emissions. This is because the respondents had most considered implementing air source heat pumps (although half of the respondents had already implemented them). Ground source heat pumps and air to water heat pumps would have a greater effect on the GHG emission reductions, but since the investment costs are higher and they are more difficult to install, they appear to be not as popular. Also, if a house has direct electric heating, it most likely does have the necessary water-circulating heating system, and ground source heat pumps cannot be installed on every lot. Energy efficiency of housing could also be improved by installing new monitoring technologies which would lead to the reduction of GHG emissions.
We cannot be sure that respondents answered the survey questions truthfully, but we have no reason to believe they would have sent false replies. Also, the same problem is faced with all survey-based studies. Houses in the area researched are on average newer than in Finland in general [26] , and the number of houses heated by electricity is approximately double that of Finland's average [27] . These issues may somewhat influence the generalizability of the research. Also, in the calculation of GHG emissions, we assumed that the energy classes of the houses would not change despite the improvements made; thus, the yearly energy consumption would remain the same. The energy production systems that respondents had considered the least were not included in the LCA model. If these factors had been considered, the possible GHG emission reductions could have been greater than those calculated. However, some respondents had considered more than one energy production system, and in reality, they would most likely implement only one, which was not taken into account when we made the calculation. The calculation was based on the respondents' interests and current knowledge, which are not necessarily the most rational. Therefore, it is possible that with the same energy-efficiency investments, the GHG reductions and economic savings achieved could be greater.
The research was carried out in a small area, so the impact pertaining to reducing GHGs from that area would be insignificant even on a regional level. However, the results can be generalized to a wider area, as detached houses account for 27% of the energy consumption of Finland's total building stock [21] . A quarter of the housing building stock was built in the 1960s and 1970s, and buildings from those decades are currently mostly renovated [28] . Thus, consumers play an important role in reducing GHG emissions, and in turn, in mitigating climate change. The results can also be generalized to other countries and areas with somewhat similar climate and buildings. In a warmer climate, the achieved reductions would be smaller, as the percentage of energy used for space heating is not as great.
Based on the survey and the LCA model created, the reduction in GHG emissions would be 15% in the areas studied. This is still far from the EU's reduction targets and carbon neutrality, and it indicates that consumers cannot be overburdened with too much responsibility. In the areas under study, the greatest GHG emissions originate from the production of electricity. Thus, the biggest reductions could be achieved by increasing the share of renewable energy in the production of electricity.
It worked well to combine the survey with LCA modelling. The survey yielded data from consumers for use in the LCA model, and the model provided numeric data supporting the survey.
Conclusions
A survey was distributed to owners of detached houses in order to obtain information about their attitudes towards renewable energy solutions and their willingness to implement them. Also, barriers to the implementation of these solutions were examined. A lack of knowledge of annual economic savings, of resulting expenses, and of different technologies were the three most cited barriers. Based on the results, the solutions that respondents were most interested in were air source and ground source heat pumps, solar electricity, and solar heat.
An LCA model was created to be able to estimate how much reduction in the households' GHG emissions could be achieved if the respondents were to implement the solutions they had considered. The results indicated that the reduction could be 15% of the annual emissions. The reduction is not the most optimized, and a greater reduction could possibly be achieved in the areas if the respondents had had better knowledge of economic and technological issues. The use of a survey to acquire data for an LCA model worked well. Future research could focus on the kind and form of information consumers need to implement more technical solutions based on renewable energy, and on what people consider to be real economic savings achieved from saving energy. Finally, it would be a point of interest to observe how the results would differ if the survey was conducted in another country. 
